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Abstract 
Most factories see the necessity and the high potentials to be gained when introducing integrated digital engineering 
tools into their planning and execution environment. Next to the design of suitable adaptions of the existing legacy 
systems in the IT landscapes, one of the biggest challenges they face is the situation based evaluation of the economics 
of any selection of digital engineering tools for the envisioned adaption. This paper discusses the applicability and 
adaptability of different variants of process costing methods for the evaluation of digital engineering IT landscapes as 
a major part of the digital factory economics method for an approach to a reproducible method for the evaluation of IT 
landscapes. Afterwards, the required adapted cost type plan is designed through a requirements analysis of the digital 
engineering specifics and an outlook is given for the upcoming work and validation. 
 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of Professor Pedro Filipe do Carmo Cunha  
 
Keywords: Digital engineering; Economics; Digital tools; Digital Factory Economics 
1. Introduction 
global markets can be characterized by the 
increasingly faster and competitive environment. These 
changes affect some industry branches more than others, 
but in total it can be observed across all of them. This is 
why, most companies need to constantly integrate new 
developments in order to stay competitive. This is not 
limited to the production environment, but affects all 
engineering departments starting from the product 
design, spanning over all of the factory and process 
design into the operation and the service. As the market 
for IT solutions is particularly fast developing, IT 
solutions that better fit the specific challenges can 
become available at a high frequency. The difficulty lies 
in knowing if the solutions fit into the companies  
context and therefore actually is the better solution in the 
specific case. The context here is comprised of the 
factors influencing the selection, as they are the products 
and the production with their specificities and the legacy 
systems that are employed. Even properties of 
companies that are difficult to assess may become 
important for the examination, as there are for example 
the existing qualifications in the different departments, 
legal or political boundaries or strategic goals that imply 
certain choices. 
2. Problem statement and motivation 
Factories today are mostly able to see the potential 
still available to be gained through the employment of 
carefully selected digital tools working in harmony in 
the engineering. A plethora of digital tools is available, 
each with different costs, benefits, and implications of 
possibilities and risks [1]. New trends for more usability 
and easily adaptable solutions in the digital engineering 
even increase the broad base of solutions available, 
while new technical possibilities like cloud solutions 
change the integration into the existing legacy 
systems [2].  
 
Evaluating the factory specific right selection of 
digital tools for the specific IT landscape is difficult, 
especially when taking possible synergies with the 
legacy systems and the complex design of interfaces into 
account. Especially for small and medium enterprises, 
the evaluation of this selection essential to their survival 
but on the other hand is difficult due to the immense 
changes the introduction of digital tools into the 
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engineering environment can create. These changes are
not only costs but also include all parts of the activities 
and functions the engineering environment is responsible 
to fulfill. The difficulties already start off with the
difficulties of creating a model of the existing IT 
landscape with its interfaces and network of IT systems
often spanning over the entire company. Designing
possible scenarios without losing sight of the specific
processes and knowledge of the digital engineering in
the company is the next hurdle. The evaluation of the
expected costs and benefits for each scenario is still not a
standardized process. This paper presents the first steps 
towards a method for the cost evaluation.
3. State of the art and approach
The methods for the evaluation of IT tools before
their integration into the productive employment in the
IT landscape span from widely known generic
approaches like the value analysis [3] or scoring model
to evaluation methods for digital tools in very specific
fields like the guideline VDI 2219 for PDM systems [4]. 
However, these methods are either not suitable to
evaluate costs of IT landscapes or they are fixated on 
specific fields. Most of them do not offer the possibility
to consider a selection of several digital tools and 
especially the consideration of differences through the
integration depth into the existing IT landscape are not 
taken into account.
Fig. 1. Digital Factory Economics approach
The current situation with the existing economic 
evaluation method for the consideration of a selection of 
digital engineering tools with their implications on the
legacy systems has been presented in detail in [5]. The
focus of the following analysis is on investment 
assessment methods and the examination of their 
applicability to the specifics of digital engineering tools
in a complex environment of legacy systems.
In order to address the need for a method to cover the
digital engineering tools, the Digital Factory Economics
method was designed (Fig. 1). The content and
delimitation of its five steps have been detailed in [5].
The realization of the approach focuses on the central
step 3, the Economics evaluation.
The evaluation covers the creation of different 
possible scenarios for the considered IT landscape,
taking into account existing legacy systems. Still,
methods for their economic evaluation need to be
assessed in more detail. The existing evaluation of the 
investment assessment methods can be enhanced 
through the additional consideration of accounting 
methods, especially in the field of IT accounting. Other 
than most investment cost calculation methods,
accounting methods have a different focus for their
applicability along the timeline. As the name suggests,
their focus does not lie on the calculation of costs before
the introduction (investment assessment) of the new 
digital engineering tool but on the accounting and
distribution of costs during its usage. Accounting 
methods are well understood, which is another reason,
why they have been adapted for strategic planning or for 
specific calculations like product costs as well. 
Accounting methods are usually based on data derived
from the employment of the considered tools, so from 
data only available after an implementation, which 
makes them impossible to use when trying to assess new
digital engineering tools where there are no internal
experiences available yet. But the general approach can 
be used as a basis to be adapted for the application in the
evaluation of digital engineering tools before their 
integration and employment in the legacy systems of the
existing IT landscape. Their applicability and
adaptability to the given specifics of digital engineering
is discussed in the next chapter.
4. Analysis and synthesis of cost accounting methods
After consideration of alternatives, the focus of this
evaluation is on the IT cost accounting and on different 
forms of the process costing.
IT cost accounting is a common method for the
division of IT costs in especially bigger companies. It is 
divided into three basic steps. It starts with the 
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specification of the costs according to the cost types 
plan. The cost types plan is created on the basis of the 
organizational structure. All required data is gathered, 
according to the company specific IT cost types plan. In 
a next step, the costs are divided amongst the cost 
centers. These cost centers are parts of the organizational 
structure and can therefore be the IT departments, the 
building management or the sales department amongst 
all others that use or supply in the IT field. Finally, the 
costs are bound to the appropriate cost objects. Cost 
objects are not organizational but can be projects, 
products or other logical units that initiate or are 
participating in the costs [6, 7]. The cost objects could be 
translated as a part of the landscape diagram depicting 
the scenario in the digital factory economics method. 
The cost objects are of lower relevance for the 
estimation of effects, as this calculation cannot be 
project or product based but has to apply to the entire 
operation that employs the considered digital 
engineering IT landscape. 
 
Coming from the activity based costing (ABC) [11] 
Horvath and Mayer created the process costing on its 
basis [8, 9]. The main difference is the addition of a 
separation between fixed and proportional elements of 
costs [10]. 
 
The process costing was the basis for an adapted 
version specifically created for the IT accounting. It is 
divided into five basic steps. The first step is similar to 
the first step in the IT cost accounting, the acquisition of 
data according to a cost type plan. The second step 
begins with the creation of a complete process plan and 
its structuring. These processes describe activities that 
are carried out and are therefore manifold. In order to 
maintain manageability, they are structured and grouped. 
The IT process costing continues with the identification 
of cost drivers and the analysis if they are driver-
dependent or driver-neutral. This determines if the costs 
rise with the respective output or maintain the same 
level. Next, the planned costs per process are 
determined. Through a multiplication, the complete 
process costs are evaluated [12]. Introducing and 
maintaining the IT process costing creates a lot of effort. 
Gathering all relevant processes and structuring them 
can be extremely time-consuming, especially in complex 
surroundings. Additionally, the calculation has to be 
adapted with every change in a process or activity to 
maintain its precision. The IT process costing is more 
precise than most other cost accounting methods and as 
such is currently being on the rise in its employment and 
even being discussed as a method for investment 
analysis  in production areas [13, 14]. With the support 
of IT systems, it becomes more manageable, so its use 
increases gradually, especially amongst bigger 
companies. Its procedure and approach can provide a 
useful basis for the evaluation of cost effects for changes 
in the digital engineering landscape. Nevertheless, it can 
prove difficult to create a link between processes and 
specific digital tools, as most digital engineering tools 
show functionalities for a lot of processes. Creating a 
distribution key for the percentages between tools and 
processes or activities introduces a very high level of 
uncertainty. 
 
Another approach that is based on the process costing 
is the resource process costing which originated from the 
wish to improve the designation of costs during the 
product development [15]. The basic idea is that 
mathematical functions are derived to predict the effect 
changes in processes will show. Instead on the processes 
and activities, the focus is put onto resources as the 
smallest possible unit of consideration, while not 
keeping sub-processes out. The first step is similar to the 
IT process costing, the creation of the process plan. The 
difference is that the focus is not on the structuring of 
the processes and sub-processes into bigger groups but 
on the breakdown into the smallest resources possible. 
They are smallest, if they depend on at least on resource 
and one cost driver, so with the change in the cost driver, 
the resource forcedly changes as well. Next, the 
resources are assigned to the value adding process. 
Different to the common process costing, more than one 
resource can be allocated, while weighting their degree 
of employment. After the allocation, a nomograph is 
created through the ascertainment of consumption 
functions of resources and cost for every resource and 
every sub-process. Using this graph, the calculation can 
then be done directly [16]. This method, while showing 
the same strengths and most of the weaknesses of the IT 
process costing, promises more adaptability for the 
consideration of investments into digital engineering 
landscapes. As the consumption functions for the 
nomograph are derived from interviews in the specific 
area, the precision increases. The approach of the 
process costing can be adapted to the use for the 
processes and activities in the digital engineering while 
the resources can be of equivalent use for the integration 
of applications into the consideration. The consumption 
functions allow an easier adaption to the complex 
connections between tools of the digital engineering. 
 
Taking a closer look at the steps in the cost 
accounting methods, similarities and differences can be 
shown. Additionally, it is possible to describe the 
adaption of the method from the process costing for 
digital engineering landscapes (Table 1). While the first 
and the last step cover the similar content across the two 
already established methods and the one derived here, 
the other steps differ in their focus and in their 
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application. In the second step, the resources can be 
considered to be the digital engineering tools, which are 
being changed and therefore are influencing the process 
steps in the engineering departments. The high detail as 
it is included for the resource process costing is required 
for the third step. The influences are not affecting all 
processes, but a specific set, being allocated in the third 
step. This allocation creates a net of influences, handling 
the complexity of real surroundings in which often the 
nodes are too numerous to be handled unsystematically. 
The allocation is depending on the integration type on 
the technical level, for example when fully integrating 
tools in comparison to relying on manual import and 
export functions. This classification enables an easier 
identification of points of interest for the latter phases in 
the digital factory economics method. 
Table 1. Steps in cost accounting methods  
Step IT process 
costing 
Resource 
process costing 
Digital engineering 
process costing 
1 Data acquisition according to specific cost type plan 
2 Structured 
process plan 
Process plan in 
high detail, up to 
single resources 
Process plan in 
high detail where 
useful; resources 
as digital 
engineering tools 
3 Identification 
and analysis of 
cost drivers 
Allocation of 
resources to 
process steps 
Allocation of 
digital engineering 
tools to process 
steps, including the 
integration type 
4 Determination 
of planned costs 
per process 
Ascertainment 
of consumption 
functions 
Ascertainment of 
influence functions 
onto costs and 
process execution 
5 Calculation and evaluation 
 
In the fourth step, the influences can be described 
using mathematical functions that take the specific 
surroundings into account. These mathematical functions 
can be predefined in part but need to be adapted to the 
user-specific application. In a further expansion and with 
continuous use of the derived method, knowledge 
systems, deriving the functions from history data are 
therefore within the boundaries of a possible 
implementation. The derived method is dependent on the 
consideration of all relevant costs, which requires the 
adaption and then explanation of the cost type plan onto 
the specific requirements of digital engineering tools. 
5. Specific requirements for the cost type plan 
The cost type plan can be conceived from the 
consideration of the five main specific requirements that 
the digital engineering tools pose: 
 The first additional challenge for the cost type plan is 
the mixture of types of costs that might arise due to 
the differences in the ICT providers  business models. 
It can prove difficult to e.g. compare licenses that 
come with a monthly fee to one time payments. This 
is especially the case for new tool applications, where 
there is little to no knowledge of the half-life of the 
considered tool. 
 Another challenge is the high variance of different 
costs amongst the different types of tools available. 
This is for example the case when considering tools 
with very different technical specifics, for example 
calculation intensive applications like FEM 
simulations in comparison to tools that are complex 
to learn but do hardly require special (expensive) 
technical surroundings like PDM systems. 
 Even though integration costs are already an issue 
when considering single tools, a specific selection of 
tools increases this complexity manifold. This is 
especially the case when varying the integration depth 
of the interfaces using different technical approaches. 
 The created cost type model needs to be applicable 
for enterprises which employ different internal 
accounting methods. The available information that 
needs to be used as a basis not only differs in 
granularity but also in structure. This is especially the 
case, if companies use highly different accounting 
methods like activity based costing in comparison to 
addition calculation. 
 Cost types in cost type plans are usually derived from 
or at least oriented at the organizational structure of 
the considered enterprise. For the consideration of 
digital engineering scenarios, this would not be 
advisable, as digital engineering tools often span over 
different organizational units. The structuration of the 
cost type plan is therefore oriented on the 
structuration of the efforts the digital engineering 
tools imply and support. 
Mainly these specific requirements are the source of 
relevant properties of the created cost model. It is 
created from the consideration and then structuration of 
the different cost types over different application areas 
and business models. The differences in implementation 
depth require the ability to create scenario based cost 
estimations as well as the possibility to differentiate the 
efforts that might be specific to certain types of 
integration. The variance in relevant costs implies a cost 
model that is an aggregation of existing cost types and 
therefore is able to handle everything that might be of 
relevance. Still, overall the must be able to scale down, 
when costs are less relevant for a selection in order to 
keep the gathering efforts down. This is also supported 
by the introduction of fixed costs that can be used 
without further consideration from either contractual 
certainties or internal calculations. The simplicity as well 
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as the relatively low effort of data gathering is an 
absolute requirement in the creation of an applicable 
method. 
6. Cost type plan for digital engineering tools 
Keeping the specific requirements in mind, existing 
cost models are analyzed and their included cost types 
are integrated through combination and elimination. The 
focus here is on the coverage of all cost types that might 
prove relevant for . It is to note, that the costs types 
target the employment of digital tools, not specifically 
their introduction, which would imply different costs. 
The result is a generally applicable  but still complete 
for the case of digital engineering tools  table of costs 
(Table 2) for the estimation of costs during the operation 
of a selected composition of tools. 
Table 2. Costs types for digital engineering tools 
Group Cost Type Description 
 Static, capital 
and external 
Every cost that is directly derived 
from other sources. 
Software 
Licensing Costs of the licenses. 
Updates Everything in costs that is required 
to keep the tool up to date 
Maintenance Costs to keep the tool operational 
Customizing Costs for the customization of each 
tool 
Personnel All changes in personnel costs due 
to the introduction of the tool 
Qualification All costs derived from qualification 
actions 
Hardware 
Maintenance Costs to keep the specific hardware 
operational 
Insurance Additional insurance costs for the 
hardware 
Space Costs for the spaces and the 
infrastructure the hardware requires 
Operating 
Materials 
Additional energy and material 
costs for the hardware and 
infrastructure 
 
The costs are separated in three groups, software and 
hardware and one that is extracted. The extracted cost 
group is for all static and capital costs that are known 
beforehand and can be used for the purpose of 
calculation without further consideration. Additionally, 
this includes most external costs, as they are commonly 
precisely known beforehand through contracts or offers 
from third parties. The effect is that outsourced activities 
mostly create costs in this group. It was introduced to 
improve the practical applicability of the cost model, as 
in almost all cases, there are costs already known 
beforehand and considering them in detail one of the 
other groups would generate superfluous additional 
effort.  
 
The second group of costs to be taken into account is 
all that is linked to the software and its operation and not 
to be considered as a fixed amount. If for example costs 
for licenses depend on a factor that varies with the 
usage, the costs cannot be considered fixed in a 
consideration beforehand. Update costs can be 
contractually agreed upon or can be case specific for 
single updates. Maintenance in this case is the 
maintenance of the software only, so keeping possible 
databases running or fixing incompatibilities with other 
software. The maintenance of the hardware is extracted 
into a separate cost type, as it is mostly done by different 
departments. Specific to the software is the 
customization, which can be difficult to determine 
beforehand. The cost type Personnel is exclusive to the 
software part. Engineering tools are mostly complex and 
therefore difficult to use. Introducing such a complex 
tool can create the necessity of educating the engineers 
using it, as well as the IT staff for its maintenance. 
Beside the possibility of necessary additional personnel, 
this can increase their level of education and therefore 
their salary level. Another specific software cost type 
can be the costs for the qualification action itself. This 
does not only include the teachers, but also required 
materials or possible costs for rooms. Although in most 
cases, this qualification is done externally, it can be 
useful to create an internal qualification program for new 
staff or if the rollout affects multiple departments. 
 
The group Hardware contains  additional to the 
already mentioned and explained Maintenance  costs 
that are created by the employed hardware. This block 
can be almost insignificant with the introduction of 
single tools into an existing landscape but grows in 
importance when introducing combinations of tools that 
require specific hardware. Examples for such digital 
tools are especially networking intensive tools like 
acoustic monitoring or computationally intensive digital 
tools like FEM Simulations. Insurance costs can be 
significant, if additional, expensive hardware is used. 
Analogue, the required additional space can be of 
relevance, especially if additional measures for its 
security have to be taken. In order to accommodate the 
possible usage of additional operating materials, a 
special cost type is introduced. This is required if the 
hardware consumes relevant amounts of materials during 
its run. Examples for this consumption can begin with 
obvious costs like energy and stretch to specialties like 
costs for coolants like nitrogen that especially high 
performance computers sometimes require. 
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7. Conclusion and Outlook 
The presented cost type model and the discussion of 
appropriate cost calculation methods are important steps 
on the way to realize the Digital Factory Economics 
method. The method will enable its users to estimate the 
effects that changes in the composition of their digital 
engineering environments will have. For the estimation 
of the cost effects, appropriate cost calculation methods 
are discussed and a cost model is created. The model is 
able to handle real life implications of differences in 
legacy systems, licenses and accounting methods.  
 
The method has been derived from experience in 
industrial and research application of such calculations 
and the challenges that arose within. The validation of 
the derived cost plan and the designed cost calculation 
method will be done in detail in the course of a research 
project, where in three cases several innovative 
applications are introduced into the existing IT 
landscape of industrial partners. As these applications 
are including a relatively small number of functions in 
comparison to common big IT systems, their 
implications onto the existing process landscape are 
limited to three or maximum four departments with a 
limited number of processes affected. This enables a 
more precise manual verification of the effects the 
if the envisioned costing 
method creates realistic estimations. Additionally, the 
industrial partners are spanning several diverse industrial 
branches and therefore the method can show if it is 
really able to capture the relevant cost types in diverse 
surroundings. 
  
The next steps on the way to the digital factory 
economics method will be the creation and discussion of 
a method to model as-is-plans of the IT landscape and to 
systematically design conceptual scenarios for the 
evaluation. This will require the consideration of 
differences in integration depth and data integration. The 
method will be finalized by the creation of an 
appropriate measuring and prediction system for the 
expected benefits. 
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